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The wide range of trends and environmental challenges now facing human society, from population growth, to urbanization, to industrialization and modern agriculture, to species invasions and losses, to global climate change, are nowhere more evident than in the shallow waters that form the interface between land and sea. The development of sound environmental policy that effectively preserves and restores critical coastal resources is predicated on the acquisition of new scientifi c knowledge that elucidates the numerous interacting factors that control these complex systems. Research in the coastal zone is complicated by interactions that occur over broad scales of time, space, and ecological complexity, and by unique conditions that render controlled fi eld research especially challenging in these environments. Enclosed experimental ecosystems (mesocosms and microcosms) have gained in popularity as research tools in coastal aquatic ecosystems in part because they provide scientists with a degree of experimental control that is not achievable through fi eld experiments. Yet to date, techniques for systematically extrapolating results from small-scale experimental ecosystems to larger, deeper, more open, more biodiverse, and more heterogeneous ecosystems in nature have not been well developed. Likewise, researchers have lacked methods for comparing and extrapolating information among natural ecosystems that differ in scale. Experimental ecosystems represent a potentially powerful tool for testing and expanding our understanding of the mechanisms that drive ecological dynamics in the coastal zone. The information contained within the pages of this book is intended to help practitioners make the most of this promising approach to ecological research.
The lessons described in this book are drawn largely from a series of investigations conducted under the auspices of the Multiscale Experimental Ecosystem Research Center (MEERC). For a decade, the Environmental Protection Agency supported this comprehensive research effort within the University of Maryland Center for Environmental Science. MEERC researchers have intentionally manipulated and observed the effects of time, space, and ecological complexity on the dynamics of the range of aquatic habitats that dominate in the mid-Atlantic region of the United States. The mesocosms have been constructed to simulate benthic-pelagic, submerged aquatic vegetation, and marsh habitats. This book draws on the entire body of research that has been conducted in enclosed experimental ecosystems and distills the essence of what has been learned about experimental design and scale. Diagrams, conceptual models, and straight-forward language are emphasized so as to present information in a form can be easily applied by scientists, students, managers, and policy makers.
This book has a range of intended audiences. Scientists who produce or interpret experimental ecosystem research results will fi nd it useful. The book provides principles for design and protocols for performing experimental ecosystem experiments. Resource managers and policy makers can also use this book to aid in their understanding of how to extrapolate from research done in laboratories or mesocosms to intact ecosystems. This book can serve as a handbook for students studying coastal ecosystem processes, particularly with regard to improving their ability to design and interpret experiments.
Preface v
This book has two main objectives. The fi rst objective is to provide scientists, managers, and policy makers with an introduction to what has been termed the "problem of scale" 1 as it relates to research in the coastal zone.
2-5 What do we know about the effects of time, space, and ecological complexity in coastal ecosystems and what do we need to know in order to better understand and manage these systems? The second objective is to present information that will allow for improved design and interpretation of enclosed experimental aquatic ecosystems. How can researchers design enclosed experimental ecosystems that more accurately model natural ecosystems? What do scientists, managers, and policy makers need to know in order to interpret, extrapolate, and apply fi ndings from these experiments to nature?
This book is designed to be used in two distinct ways. First, the chapters are organized and sequenced so as to provide a comprehensive introduction to issues of scale and experimental design in the construction, execution, and interpretation of aquatic mesocosm experiments. Second, each section, each sub-section, and, indeed, each page of the book is designed to serve as a stand-alone reference that can be used as a quick introduction to a particular topic. The table of contents and a comprehensive index have been carefully constructed to guide the reader to desired content.
This book begins with a general introduction to the problem of scale and the role of experimentation and enclosed experimental ecosystems in coastal research. The next section outlines key design decisions that mesocosm researchers face and reviews lessons from multiscale experiments that should inform these decisions. Design decisions include such basic choices as container size, experimental duration, habitat type, and degree of biological, material, and energetic exchange. A third section explores tools available for designing and interpreting experimental ecosystems so as to obtain a desired balance between control and realism while maintaining statistical rigor. The book concludes with examples of management applications from a variety of experiments conducted in experimental aquatic ecosystems at the MEERC facility.
1. Levin 1992, 2. Gardner et al. 2001 , 3. Grice and Reeve 1982 , 4. Newell 1988 , 5. Seuront and Strutton 2004 
